One of the most notorious problems with ferroelectric liquid crystal is obtaining zigzag free bistable devices. By investigating the balance between surface azimuthal anchoring energy and bulk elastic energy within the confined chevron layer geometry of C1 and C2, we propose that it is possible to get a zigzag free C1 state by low azimuthal anchoring alignment at a low pretilt angle. The critical azimuthal anchoring coefficient for the defect free C1 state is calculated. Its relationships with elastic constant, chevron angle, as well as surface topography effect are also discussed.
I. INTRODUCTION
Since surface stabilized ferroelectric liquid crystal ͑SSFLC͒ was first introduced in 1980 by Clark and Lagerwall, 1 considerable work has focused on eliminating zigzag defects for display applications. A large amount of this research has concentrated on determining which alignment materials and surface treatments tend to produce defect free texture. More recent articles by Kobayashi et al., 2 Koden et al., 3 Kanbe et al., 4 and Watson et al. 5 clearly explained the formation of zigzag defects in terms of pretilt angle ␣, cone angle c , chevron angle ␦, and the surface topography effect. Zigzag formation occurs when domains with chevrons pointing in opposite directions are interspersed. Geometrically necessary conditions for formation of these configurations are: when ␣Ͻ c ϩ␦,C1 is allowed; when ␣Ͻ c Ϫ␦,C2 is allowed. Normally, zigzag can be eliminated by a high pretilt. 4, 6 Clearly, when the C2 condition is met, the C1 condition will also hold. That is the reason why it is hard to get zigzag free texture at a low pretilt angle. Recently, Kurihara et al. 7 reported that they obtained zigzag free C1 SSFLC using the photoalignment technique where obtained values of both the pretilt angle and the azimuthal anchoring energy are low. In this article, we numerically calculated that it is possible to get a defect free C1 state with low azimuthal anchoring at a low pretilt angle. The critical azimuthal anchoring coefficient for the defect free C1 state is calculated. Its relationships with elastic constant, chevron angle, as well as the surface topography effect are also discussed.
II. CALCULATIONS

A. Definition of coordinates and director configuration of C1 and C2
The basic symmetric chevron layer structures of C1 and C2 states are shown in Fig. 1 . The two boundary plates are equally treated and the rubbing directions of two plates are parallel. C1 is the structure where the chevron apex points opposite the rubbing direction; and C2 is the structure where the chevron apex points toward the rubbing direction. We take the Z axis along the cell normal, the Y axis along the direction of the projection of the layer normal in the boundary plate, and the X axis perpendicular to both Y and Z. The lower bounding plate and upper bounding plate are located at Zϭ0 and Zϭd, respectively. The chevron interface is thus located at Zϭd/2 ͑where d is the thickness of the cell͒.
B. Free energy of SSFLC
The total free energy per unit area F of SSFLC is given by 2, 8 Fϭ
where f b is the bulk free energy density and f s is related to the surface anchoring energies including the chevron interface. We only consider the system without an electric field and at the chevron interface the director is horizontal. We also suppose it is strong polar anchoring on the substrate. ͑Here polar refers to the polar angle that gives the angle of the director with the cell normal, and is not related to the polarity of the surface or material. 
Using the widely applied one elastic constant approximation 9, 10 ͑because the difference between the values of these elastic constants are within a factor of 2-3͒: B ϵB 1 ϭB 2 ϭB 3 ; B 13 ϭDϭD 1 ϭ0, Eq. ͑2͒ becomes
where s and c are the azimuthal angle of the FLC molecules on the bounding plate and chevron interface, respectively.
C. Free energy expression of C1 and C2 states
From the geometry shown in Fig. 2 , we can consider that ␣ is the pretilt angle which will not change due to the strong polar anchoring alignment because ␣Х␤ when ␣ is small. From Fig. 3 , for the C1 state, when the director pretilt angle is ␣, the azimuthal angle at the upper plate can be derived from
͑5͒
At the chevron interface, the tilt angle is zero. So the azimuthal angle at the chevron interface is given by
From the coordinate system shown in Fig. 3 For the C2 geometry like the picture shown in Fig. 4 
Plug Eqs. ͑5͒-͑10͒ into Eq. ͑4͒, and we finally get free energy per unit area with a weak azimuthal anchoring boundary condition for C1 and C2 states:
cos c cos ␦ϩsin c sin s2 sin ␦ ͪͪͮ .
͑12͒
III. DISCUSSION
Suppose c ϭ25°and ␦ϭ0.9 c , from Eqs. ͑11͒ and ͑12͒. We can get the relationship between angle and pretilt angle ␣ as well as the relationship between the ''twist sense'' ͉ s Ϫ c ͉ and the pretilt angle ␣ for C1 and C2 ͑see Figs. 5 and 6͒. From those figures, it is easy to see that the elastic energy of C1 is always less than C2. But the azimuthal anchoring energy of C1 is always larger than C2. Both ͉ s Ϫ c ͉ and depend on the pretilt angle ␣. So if we want to get a defect free C1 texture, we should lower the azimuthal anchoring energy part. When the azimuthal anchoring coefficient is low enough, C1 becomes the energy-preferred state.
Suppose ␣ϭ2°, dϭ2 m, B ϭ4ϫ10 Ϫ12 N, and c ϭ25°. We plot F c1 and F c2 versus W a ͑Fig. 7͒. It is easy to Fig. 8 also shows that if the pretilt angle is less than 0.2°, the critical azimuthal anchoring will be less than 10 Ϫ8 J/m 2 , which is really hard to get. It is frequently observed that a C2 structure is obtained with common ''high'' azimuthal anchoring alignment. Because it has been shown 3,4,11 that SmC does exist from the C1 state near the SmA-SmC* transition, the anchoring energy of common alignment material causes a transition from the C1 to C2 states during cooling and occasionally leaves zigzag defects. Since critical W a is also sensitive to B , the plot of critical W a /B versus ␣ is also obtained ͑see Fig. 9͒ .
From the above discussion, we propose that defect free C1 can be achieved at a relatively low pretilt (0.2°Ͻ␣ Ͻ c Ϫ␦) by using low azimuthal alignment material which has W a less than the critical value at that pretilt angle. The FLC will also remain at the C1 state during the cooling process since the C1 state is the energy-preferred state.
IV. CONCLUSION
Our results show that it is possible to get the defect free bistable C1 state by lowering the azimuthal anchoring coefficient W a at a low pretilt angle (0.2°Ͻ␣Ͻ c Ϫ␦). The critical azimuthal anchoring coefficient W a depends strongly on the pretilt angle ␣, the chevron angle ␦, as well as elastic constant B . The larger the ␣, ␦, and B , the larger the critical azimuthal anchoring coefficient and, subsequently, the easier it is to get defect free C1. Since critical W a is related to ␣, the surface topography should also be considered at a low pretilt angle which is in agreement with the study done by Watson et al. 5 It is also in agreement with the preliminary research done by Kurihara et al. 7 where the azimuthal anchoring coefficient is in the range of 10 Ϫ6 J/m 2 . Our results further predict that it is possible to get a zigzag free C1 device by using low azimuthal anchoring alignment material such as the photoalignment of azo dyes or polyimides, which normally have uniform smooth surface alignment with 10 Ϫ8 ϽW a Ͻ10 Ϫ6 J/m 2 . The detailed results of the ongoing experiments will be reported later. 
